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(54) HEAT RESISTANT MEMBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a heat resistant 
member durable against a long term use under a high temp, 
atmosphere and an operation environment where thermal cycle 
or thermal shock is impressed by improving both properties of 
thermal fatigue property and thermal shock resistance of a 
ceramic heat insulating layer. 

SOLUTION: The heat resistant member is provided with the 
ceramic heat insulating layer 3 formed by applying directly on a 
metallic base material 1 or through a metallic bonding layer 2 
formed on the metallic base material 1 . The ceramic heat 
insulating layer 3 is provided on the metallic bonding layer 2 (or 
the metallic base material 1 ) and has a 1 st ceramic layer 3a 
having high elastic modulus and high hardness and a 2nd 
ceramic layer 3b provided on the 1st ceramic layer 3a and 
having low elastic modulus and low hardness. The 1 st ceramic 
layer 3a is, for example, a high density layer having >88% 
relative density and the 2nd ceramic layer 3b is a low density 
layer having <88% relative density. 
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[57] ABSTRACT 

A heat resisting member having ceramics heat shield layers 
which is directly formed on a metal base material or formed 
on it via a metal bonded layer formed on the metal base 
material. The ceramics heat shield layers comprise a first 
ceramics layer which is formed on the metal base material 
or the metal bonded layer and has a high elastic modulus, 
high hardness and high density, and a second ceramics layer 
which is formed on the first ceramics layer and has a low 
elastic modulus, low hardness and low density. Delamina- 
tion firom the neighborhood of the interface or oxidation of 
the lower layer can be prevented by the first ceramics layer 
which is formed on the metal base material or the metal 
bonded layer. Thermal shock resistance and heat shielding 
effect of the ceramics heat shield layers as the whole can be 
enhanced by the second ceramics layer. And, if necessary, a 
third ceramics layer having a high elastic modulus, high 
hardness and high density may be formed on the second 
ceramics layer in order to improve the abrasion resistance 
and the resistance against a damage due to flying substances. 

14 Claims, 2 Drawing Slieets 
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HEAT RESISTING MEMBER AND ITS 
PRODUCTION METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention ^ 
The present invention relates to a heat resisting member 

which is superior in thermal fatigue resistance, thermal 
shock resistance and oxidation resistance, and to its produc- 
tion method. 20 

2, Description of the Related Art 

In order to enhance the efficiency of hig^ temperature 
apparatuses represented by a gas turbine for power genera- 
tion and engines, temperatures at which such components 
are used are being raised. Accordingly, materials for the 15 
component parts of high temperature apparatuses are being 
required to have enhanced properties, such as a high tem- 
perature strength, a high-temperature corrosion resistance 
and a high-temperature oxidation resistance. 

Accordingly, members now being used extensively have 
a corrosion-resistant and oxidation-resistant metal coating 
applied onto the surface of a high-strength Ni-based super 
alloy or Cb-based super alloy. And, to enable the use under 
environments at higher temperatures^ a thermal shield coat- 
ing which enhances the efficiency of cooling a base material ^ 
has been developed by forming a ceramics layer having a 
low heat conductivity on the surface of the metal coating. 
Members applied with such a thermal shield coating are 
being placed in practical use for, e.g., stationary blades for 
a gas turijine to be exposed to a low stress loading. 

In the above-described heat shield coating, the metal layer 
to be formed between the base material and the ceramics 
layer provides a corrosion and oxidation resistance as the 
metal coating and also relieves a thermal stress produced 
due to a difference of the thermal expansion coefficients 
between the base material and the ceramics layer. For such 
a metal bonded layer, an M — Cr — Al — Y alloy (M is at least 
one element selected from the group consisting of Fe, Ni, or 
Co) is often used. 

40 

On the other hand, for the ceramics heat shield layer 
forming the outermost layer, zirconia (stabilized zirconia) 
which is stabilized by adding rare earth oxide or alkaline 
earth oxide is used most extensively. Among other ceramics 
materials, stabilized zirconia has a higher thermal expansion 
coefficient and also a lower thermal conductivity. 

To form the above-described heat shield coating, various 
types of coating techniques may be adopted. Among such 
techniques, a plasma spray coating method is used exten- 
sively. The plasma spray coating method has advantages that 5Q 
it can use various types of coating materials, its film forming 
rate is fast, and a thick film can be formed. 

However, the conventional ceramics heat shield layer 
formed by the plasana spray coating method has a disadvan- 
tage of being fractured or delaminated easily when it is used 55 
for a long period under the environment of causing thermal 
cycling. It is because cracks are readily formed inside the 
spray coated layer and such cracks tend to further propagate. 
Cracks are particularly formed in the neighborhood of the 
interface with the metal bonded layer where a thermal stress go 
is concentrated. Those cracks formed in the neighborhood of 
the interface are the main cause of the fractures or delami- 
nation of the spray coated layer. 

In addition, the ceramics heat shield layer formed by the 
plasma spray coating method has a disadvantage that the 65 
metal bonded layer is easily oxidized when it is used in the 
oxidizing atmosphere at a high temperatuie for a long time 
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of period. Such oxidation is caused due to the configuration 
particular to the spray coated layer. Since a stress is pro- 
duced as the metal bonded layer is oxidized, the ceramics 
heat shield layer is separated firom the interface with the 
metal bonded layer. 

Furthermore, in the actual environment of using a gas 
turbine or the like, there is a disadvantage that its members 
are abraded or damaged due to the collision of large particles 
or the like. Particularly, the ceramics heat shied layer formed 
by the plasma spray coating method is heavily damaged by 
the collision of such large particles, and its surface is readily 
abraded or damaged. Generally, the spray coated layer has 
large projections and depressions on its surface, and the 
adhesion of mutual particles inside the layer is low. 

Meanwhile, it is considered to form the ceramics heat 
shield layer by physical-chemical vapor deposition methods 
which are represented by an electron beam PVD method 
(EB-PVD method). But, such film forming methods have 
disadvantages that a film forming rate is low and a produc- 
tion cost is high as compared with the spray coating method. 
Besides, when the ceramics heat shield layer formed by a 
PVD method or a CVD method is used solely, its heat shield 
effect is low (due to low porosity), and cracks are readily and 
suddenly formed due to a thermal shock or the like. 

As described above, as a method for forming a ceramics 
layer which serves as a heat shield layer, the plasma spray 
coating method or the physical-chemical vapor deposition 
methods which are represented by the EB-PVD method are 
being used, but such methods have advantages and disad- 
vantages. Therefore, there has not been provided ceramics 
heat shield layer which satisfies a heat resistant cycling 
property and a thermal shock resistance of the ceramics heat 
shield layer, oxidation inhibiting and heat shield effects of a 
lower layer such as the metal bonded layer, an abrasion 
resistance, and a resistance to damages due to the collision 
of flying subjects. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the invention is to provide a 
heat resisting member, which can be used for a long time of 
period under working environments where a temperature is 
high and thermal cycling and thermal shocks are applied, by 
using ceramics heat shield layer ^ich excels in thermal 
fatigue resistance and thermal shock resistance properties. 
Another object of the invention is to provide a heat resisting 
member provided with a further improved theraial fatigue 
resistance property by preventing the lower layer such as a 
metal bonded layer from being oxidized. Still another object 
of the invention is to provide a heat resisting member 
provided with an improved abrasion resistance and an 
improved resistance against a damage due to the collision of 
flying objects. 

A heat resisting member according to the invention com- 
prises a metal base material, and ceramics heat shield layers 
which is ceramics heat shield layers directly formed on the 
metal base material or formed on it via a metal bonded layer 
formed on the metal base material and includes a first 
ceramics layer having a high elastic modulus of £^ and 
formed on the metal base material or the metal bonded layer 
and a second ceramics layer which is formed on the first 
ceramics layer and has a low elastic modulus satisfying 
Ea<Ei. 

Another heat resisting member according to the invention 
comprises a metal base material, and ceramics heat shield 
layers which is ceramics heat shield layers directiy formed 
on the metal base material or formed on it via a metal bonded 
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layer formed on the metal base material and includes a first 
ceramics layer having a high hardness and formed on the 
metal base material or the metal bonded layer and a second 
ceramics layer which is formed on the first ceramics layer 
and has hardness satisfying H2<Hi. 

Still another heat resisting member according to the 
invention comprises a metal base material, and ceramics 
heat shield layers which is ceramics heat shield layers 
directly formed on the metal base material or formed on it 
via a metal bonded layer formed on the metal base material 
and includes a first ceramics layer having a relative density 
of 88% or more and formed on the metal base material or the 
metal bonded layer and a second ceramics layer formed on 
the first ceramics layer and having a relative density of less 
than 88%. 

In the heat resisting member according to the invention, 
a third ceramics layer having a high elastic modulus £3 
satisfying E3>E2 may be formed on the second ceramics 
layer. 

A method for producing a first heat resisting member 
according to the invention has a step to form a first ceramics 
layer directly on a metal base material or via a metal bonded 
layer formed on the metal base material by one film forming 
method selected fi-om the group consisting of a PVD 
method, a CVD method or a spin coating method, and a step 
to form a second ceramics layer on the first ceramics layer 
by a spray coating method. 

A method for producing a second heat resisting member 
has a step to form a first ceramics layer directly on a metal 
base material or via a metal bonded layer formed on the 
metal base material by a high-density spray coating method 
using fine particle powder, and a step to form a second 
ceramics layer on the first ceramics layer by a low-density 
spray coating method using coarse powder. 

In the heat resisting member according to the invention, 
the first ceramics layer having a high elastic modulus and 
high hardness is disposed on the metal base material or the 
metal bonded layer. This first ceramics layer is provided 
with a high strength thanks to its high elastic modidus and 
high hardness. Accordingly, the ceramic heat shield layers 
can be provided with an enhanced fracture resistance and 
delamination resistance. In other words, a thermal stress to 
the ceramics heat shield layer is concentrated on the neigh- 
borhood of the interface with the metal base material or the 
metal bonded layer. By providing the first ceramics layer 
having the high strength in the neighborhood of the 
interface, it is possible to prevent cracks or fractures from 
occurring in the neighborhood of the interface of the ceram- 
ics heat shield layer. Therefore, it is possible to prevent the 
ceramics heat shield layer firom being delaminated due to 
such a cause. 

When the ceramics heat shield layer is thoroughly formed 
of the ceramics layer having a high elastic modulus and high 
hardness, a stress produced inside the ceramics layer when 
thermal cycling or the like is applied becomes great, so that 
cracks are suddenly propagated due to a thermal shock or a 
thermal stress, resulting in causing fractures. On the other 
hand, the present invention forms on the first ceramics layer 
the second ceramics layer having the low elastic modulus 
and low hardness, so that the produced stress of the ceramics 
heat shield layers as the whole can be made low. Therefore, 
it is possible to control the fractures of the ceramics heat 
shield layers due to a thermal shock or a thermal stress. 

The elastic modulus and hardness of the ceramics Ingjoly 
depend on its density. Therefore, the relative density has a 
different suitable value depending on the ceramics material. 
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when the first ceramics layer is formed of a high-density 
ceramics layer having a relative density of 88% or more and 
the second ceramics layer is formed of a low-density ceram- 
ics layer having a relative density of less than 88%, the first 

5 ceramics layer having a high elastic modulus and high 
hardness and the second ceramics layer having a low elastic 
modulus and low hardness can be achieved easily when the 
ceramics layer is zirconia, the above-described relative 
density is suitable. 

10 Besides, the first ceramics layer having the high density 
serves to control the oxidation of the metal base material or 
the metal bonded layer. Therefore, by a stress produced 
according to the oxidation of the metal base material or the 
metal bonded layer, delamination from the neighborhood of 

15 the interface of the ceramics heat shield layer can be 
controlled more effectively. The second ceramics layer hav- 
ing the low density excels in thermal shielding. Accordingly, 
a sufficient thermal shielding effect can be obtained. 

By forming the third ceramics layer having a high elastic 
modulus on the outermost surface, the abrasion resistance of 
the suoiiace and resistance against a damage due to the 
collision of scattered substances can also be improved at the 
same time. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view showing a configuration of the 
heat resisting member according to one embodiment of the 
present invention. 

FIG. 2 is a sectional view showing a configuration of the 
heat resisting member according to another embodiment of 
the present invention. 

FIG. 3 is a sectional view showing a configuration of 
another example of the heat resisting member shown in FIG. 

35 1- 

FIG. 4 is sectional view showing a configuration of the 
heat resisting member according to another embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
40 PREFERRED EMBODIMENTS 

Preferred embodiments according to the invention will be 
described with reference to the accompanying drawings. 
FIG. 1 is a sectional view of the major configuration of the 

45 heat resisting member according to one embodiment of the 
invention. In the drawing, reference numeral 1 denotes a 
metal base material which may be a heat resisting aUoy 
having as the major component at least one element selected 
from the group consisting of Fe, Ni, or Co. The metal base 

50 material 1 can be selected appropriately from various types 
of heat resisting alloys according to the uses. In view of 
practical use, it is preferable to use Ni-based super heat 
resisting alloys such as IN738, IN738LC, IN939, Mar- 
M247, RENE80, CM-247, CMSX-2 and CMSX-4, and 

55 Co-based super alloys such as FSX-414 and Mar-M509. 
The surface of the metal base material 1 is coated with a 
metal bonded layer 2 which excels in corrosion resistance 
and oxidation resistance and has a thermal expansion coef- 
ficient intermediate between those of the metal base material 

60 1 and ceramics heat shield layers 3 to be descried afterward. 
The metal bonded layer 2 is made of, e.g., an M — Cr — 
Al — alloy (M is at least one element selected from the 
group consisting of Fe, Ni, or Co). The ceramics heat shield 
layers 3 can be direcdy coated onto the metal base material 

65 1 as irfiown in FIG. 2. 

The metal bonded layer 2 made of the M — Cr — Al — Y 
alloy assures the corrosion and oxidation resistances of the 
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metal base material 1 and relieves a thermal stress derived 
from a difference between the thermal e3q>ansion efficiencies 
of the metal base material 1 and the ceramics heat shield 
layers 3 as described above. Generally, the M — Cr — Al — Y 
alloy preferably consists of 0.1 to 20% by weight of Al, 10 
to 35% by weight of Cr, 0.1 to 5% by weight of Y, and a 
balance of at least one element selected from Ni and Co with 
the above-descried performance taken into account compre- 
hensively. Besides, at least one element selected firom the 
group consisting of Ti, Nb, Hf, Zr, Ta, or W may be added 
in an amount of 5% by weight or below to the M — Cr — 
Al — Y alloy depending on the uses. 

The metal bonded layer 2 can be formed by a film forming 
method such as a plasma spray coating method, a high- 
velocity gas flame spray coating method (HVOF method), a 
physical vapor deposition method (PVD method), a chemi- 
cal vapor deposition method (CVD method). And, the 
plasma spray coating method is most effective in view of 
practical use. Especially, a vacuum plasma spray coating 
method which performs a spray coating method in a vacuum 
atmosphere is preferable among the plasma spray coating 
methods. Accordingly, the metal bonded layer 2 formed can 
be inhibited from being oxidized to provide a good oxidation 
resistance. 

Hie metal bonded layer 2 can have a thickness selected 
from a range of about 10 to 500 /mi according to the uses. 
For example, a gas turbine blade appropriately has a thick- 
ness of about 50 to 300 /mi in view of an oxidation life and 
an effect of relieving a stress between the metal base 
material 1 and the ceramics heat shield layers 3. 

The above-described metal bonded layer 2 (or the metal 
base material 1) is coated with the ceramics heat shield 
layers 3. Thus, a heat resisting member 4 which is used as 
a component for a high temperature apparatus for example 
is configured. 

As the component material for the ceramics heat shield 
layers 3, it is possible to use various types of ceramics 
materials such as zirconia (ZrOj), alumina (AI2O3), 
alumina-titania mixed oxide (Alj^Og — ^TiOj), magnesia 
(MgO), spinel (MgAl^O^), silicon nitride (SigN^), sialon 
(Si — Al — O — ^N), aluminum nitride (AIN), titanium nitride 
CnN), and silicon carbide (SiC). 

Among these ceramics materials, zirconia having a low 
heat conductivity and a high thermal escpansion coefficient is 
suitable as a component material for the ceramics heat shield 
layers 3. And, Y2O3, CaO, MgO and the like are used as a 
stabiUzer for suppressing a phase change of ZrO^, Among 
them, Y2O3 is most preferable, and particularly, partly 
stabiUzed zirconia containing about 8% by weight of Y2O3 
is provided with a very good property. For a first ceramics 
layer 3a to be described afterward, alumina, alumina-titania 
mixed oxide, magnesia and spinel of which a sintered body 
has an elastic modulus higher than that of zirconia are used 
preferably. 

The ceramics heat shield layers 3 can have a thickness (as 
the whole) appropriately selected from a range of about 100 
to 3000 /xm according to the uses. For example, it is desired 
to have a thickness of about 100 to 300 /im for a gas turbine 
blade, and a thickness of about 200 to 2000 /mi for the inner 
wall of a combustor. 

The above-described ceramics heat shield layers 3 are 
formed on the metal bonded layer 2 or directly on the metal 
base material 1, and has the first ceramics layer 3a having a 
high elastic modulus and a second ceramics layer 3b 
which is formed on the first ceramics layer 3a and has an 
elastic modulus E2 satisfying E2<Ei. 
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Since an elastic modulus is closely related to hardness, the 
first ceramics layer 3a can be called a high hardness ceram- 
ics layer, and the second ceramics layer 3b can be called a 
low hardness ceramics layer. Hardness of the first ceram- 

5 ics layer 3a and hardness of the second ceramics layer 3b 
shall be mutually related at least to satisfy Hi>H2. 

The first ceramics layer 3a having a high elastic modulus 
and high hardness as described above is formed on the metal 
bonded layer 2 or directly on the metal base material 1, so 

10 that the ceramics heat shield layers 3 can have its delami- 
nation resistance and crack resistance improved. When 
thermal cycling or the like is applied to the ceramics heat 
shield layers 3, a thermal stress resulting from the applica- 
tion is concentrated to the neighborhood of its interface with 

1^ the metal bonded layer 2 or the metal base material 1. By 
forming the first ceramics layer 3a having a high strength 
based on the high elastic modulus and high hardness, it is 
possible to suppress the occurrence of cracks or fractures 
due to a thermal stress. Therefore, the ceramics heat shield 

20 layers 3 can be prevented from being delaminated due to 
cracks or fractures in the neighborhood of the interface. 

But, when the ceramics heat shield layers 3 is totally 
formed of the first ceramics layer 3a having a high elastic 
modulus and high hardness, a stress produced in the 
ceramics layer due to the application of thermal cycling or 
the like increases, and cracks or the like are readily caused 
suddenly due to the propagation of cracks due to a thermal 
shock, a thermal stress, or the like. 

The stress o produced in the ceramics layer is expressed 
as a-'£'Aa AT/(l-v^). In this expression, E denotes an 
elastic modulus, Aa difference of thermal expansion 
coefficient, AT a temperature difference, and v a Poisson's 
ratio. When the condition is kept constant, Aa, AT and v 
become a constant, so that the produced stress a becomes 
great as the elastic modulus E of the ceramics layer becomes 
great. Therefore, when the ceramics heat shield layers 3 is 
totally made of the first ceramics layer 3a, its thermal shock 
resistance or the like is lowered greatly. 

4Q On the other hand, the second ceramics layer 3b has a low 
elastic modulus and low hardness, and a stress 02 produced 
within it is small. When the second ceramics layer 3b having 
a same film thickness is formed on the first ceramics layer 
3a, an elastic modulus E„ is mostly expressed as E„-(Ei+ 

45 E2)/2. In other words, the elastic modulus E„ of the ceramics 
heat shield layers 3 as the whole changes to E2<E^<E^ 
according to each film thickness of ceramics layers. 

By lowering the elastic modulus E„ of the ceramics heat 
shield layers 3 as the whole by forming the second ceramics 

50 layer 3b having a low elastic modulus, the produced stress 
am of the ceramics heat shield layers 3 as the whole can be 
lowered. The produced stress a„ of the ceramics heat shield 
layers 3 as the whole is expressed as 02<o„<o^. Therefore, 
by forming the second ceramics layer 3b having a low elastic 

55 modulus and low hardness on the first ceramics layer 3a 
having a high elastic modulus aixl high hardness, fractures 
or the tike can be prevented from formed by the abrupt 
propagation of cracks due to a thermal shock or a thermal 
stress. 

60 The first ceramics layer 3a has a different thickness 
depending on its elastic modulus, hardness, density 
(porosity) or enviroimient at which member is used, a gas 
turbine blade, for example, desirably has a thickness of 
about 0.1 to 200 /mi. When the first ceramics layer 3a has a 

65 thickness of less than 0.1 /mi, it may not be tightly adhered 
to the metal bonded layer 2 or the metal base material I. In 
addition, the oxidation inhibiting effect of the metal bonded 
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layer 2 or the metal base material 1 is lowered. On the other 
hand, when the first ceramics layer 3a has a thickness of 
more than 200 fmiy the produced stress of the ceramics heat 
shield layers 3 as the whole becomes great, so that fractures 
or the like may be produced readily and a thermal shielding 5 
property may be lowered. The fiirst ceramics layer 3a is 
preferably set to have a thin thickness as its elastic modulus 
and hardness are higher. 

It is also desired to set the area of forming the first 
ceramics layer 3a and its strength according to a temperature 
at which the heat resisting member 4 is used. For example, 
when the heat resisting member is used at 1073 K or lower, 
a thermal stress produced is small, so that cracks and 
fractiu'es are caused inside the ceramics heat shield layers 3 
to a range of about 0.1 to 200 just above the metal 15 
bonded layer 3 or the metal base material 1. Therefore, by 
providing the first ceramics layer 3a having a high strength 
to cover the above range, the crack resistance and peel 
resistance of the ceramics heat shield layers 3 can be 
improved. 

When a working environment temperature is 1273 K or 
higher or a stress is great, delamination of the ceramics heat 
shield layers 3 occurs at a portion closer to its interface with 
the metal bonded layer 2 or the metal base material 1. 
Specifically, delamination occurs in a range of about 0.1 to 
50 /on just above the metal bonded layer 2 or the metal base 
material 1. In such a case, it is desired to provide a higher 
strength to the pertinent portion where such a great stress is 
applied. In other words, it is desirable to form a ceramics 
layer having a greater elastic modulus and hardness. 

The thickness of the second ceramics layer 36 may be 
determined in view of a predicted fracture stress and a 
required heat shielding property, desirably in a range of 
about 50 to 3000 /mi . When the second ceramics layer 3b has 
a thickness of less than 50 //m, the ceramics heat shield 
layers 3 as the whole may have a lowered thermal shock 
resisting effect or a heat shielding property. On the other 
hand, when its thickness exceeds 3000 /mi, heat resistance 
cycling may be lowered. ^ 

The first ceramics layer 3a has the above-described high 
elastic modulus and high hardness. The elastic modulus 
of the first ceramics layer 3a is sufllcient as long as it is 
higher than the elastic modulus of the second ceramics 
layer 36, and it is specifically desired to be 45 GPa or more. 45 
When the elastic modulus of the first ceramics layer 3a is 
less than 45 GPa, fi-actures or delamination in the neighbor- 
hood of the interface with the metal bonded layer 2 or the 
metal base material 1 of the ceramics heat shield layers 3 
may not be prevented fiilly. The elastic modulus of the 5Q 
first ceramics layer 3a is desired to be 50 GPa or more so that 
a fracture resisting property and a delamination resistance 
can be enhanced further. 

On the other hand, the elastic modulus E2 of the second 
ceramics layer 36 is desired to be less than 45 GPa. When 55 
the elastic modulus E2 of the second ceramics layer 36 
exceeds 45 GPa, the produced stress in the ceramics heat 
shield layer 36 as the whole may not be decreased suffi- 
ciently. And, the elastic modulus E^ of the second ceramics 
layer 36 is desired to be 40 GPa or below so that the go 
produced stress can be further lowered. But, when the elastic 
modulus E2 of the second ceramics layer 36 is excessively 
low, its essential strength is deteriorated, so that it is desired 
to be 20 GPa or more. 

The elastic modulus E of the ceramics layer in this 65 
invention indicates a value determined when each ceramics 
layer is solely formed. The elastic modulus E («a/e) is 



determined by adding the stress a to the ceramics layer 
produced solely and measuring an elastic strain e at the time. 

And, hardness Hj of the first ceramics layer 3a is basically 
sufQcient when it is higher than hardness H2 of the second 
ceramics layer 36, and preferably 650 Hv or more. Hardness 
H2 of the second ceramic layer 36 is desired to be less than 
650 Hv. Hardness H^, H^ of these first and second ceramics 
layers 3a, 36 are specified based on the same reasons as 
those of the above-described elastic modulus E^, E2. Hard- 
ness H of the ceramics layer (cross section or surface) 
referred to in the present invention indicates Mckers hard- 
ness (Hv) obtained when a load of 200 gf is held for 30 
seconds. 

To obtain the first ceramics layer 3a having a high elastic 
modulus as described above, a material having a high elastic 
modulus as a material property may be used. As a compo- 
nent for the first ceramics layer 3a, except stabiHzed 
zirconia, alumina, alumina-titania mixed oxide, magnesia 
and ^inel of which a sintered body has a relatively higher 
elastic modulus are iised preferably. At that time, stabilized 
zirconia of which a sintered body has a lower elastic 
modulus than the above-described ceramics materials and 
which has a better heat shielding property is preferably used 
for the second ceramics layer 36 having a low elastic 
modulus. 

Among the above-described ceramics materials having a 
high elastic modulus, magnesia has a high thermal expan- 
sion coef&cient as the ceramics material and higher than that 
of zirconia, so that a difference of thermal expansion coef- 
ficient (Aa) with respect to the metal bonded layer 2 or the 
metal base material 1 can be lowered. When such a sub- 
stance layer is formed directly on the metal bonded layer 2 
or the metal base material 1, a thermal stress proportional to 
the thermal expansion coefficient Aa which is a cause of 
delaminating the ceramics heat shield layers 3 can be 
lowered advantageously. 

But, the above-described ceramics materials has an infe- 
rior heat shielding property as compared with zirconia and 
is preferably used as a part of the ceramics heat shield layers 
3. For example, when the first ceramics layer 3a is formed 
of alumina, alimiina-titania mixed oxide, magnesia or spinel, 
the second ceramics layer 36 is desired to be formed of 
stabilized zirconia having a superior heat shielding property. 
And, it may be formed as a part of the first ceramics layer 
3a. 

As described above, an elastic modulus is closely related 
with hardness, so that a high hardness ceramics layer is 
suitable for the first ceramics layer 3a. Besides, the elastic 
modulus and hardness of the ceramics layer are heavily 
affected by its density and surface roughness. Therefore, the 
first ceramics layer 3a having a high elastic modulus and 
high hardness can also be obtained by enhancing a relative 
density of the ceramics layer. For the second ceramics layer 
36, a low elastic modulus and low hardness can be obtained 
by setting a relative density low. 

Specifically, the first ceramics layer 36 can be achieved by 
a ceramics layer having a high density, and the second 
ceramics layer 36 can be achieved by a ceramics layer 
having a low density. In such a case, a relative density of 
the first ceramics layer 3a and a relative density D2 of the 
second ceramics layer 36 are at least required to satisfy 
Di>D2. Specifically, it is desired that the relative density 
of the first ceramics layer 3a is 88% or more, and the relative 
density D2 of the second ceramics layer 36 is less than 88%. 

When the relative density of the fiirst ceramics layer 3a 
is less than 88%, a high elastic modulus and high hardness 
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may not be attained, oxidation of the metal bonded layer 2 
or die metal base material 1 is accelerated, and delamination 
from the neighborhood of the interface with the ceramics 
heat shield layers 3 may be caused easily. 

In other words, by forming the first ceramics layer 3a s 
having a high relative density of 88% or more directly on 
the metal bonded layer 2 or the metal base material 1, the 
metal bonded layer 2 or the metal base material 1 can be 
prevented from being oxidized. Therefore, it is possible to 
more effectively prevent the ceramics heat shield layers 3 
from being delaminated from the neighborhood of the 
interface due to a stress caused as the metal bonded layer 2 
is oxidized. The relative density of the first ceramics 
layer 3a is preferably 90% or more in view of an elastic 
modulus, hardness, and prevention of oxidation of the metal 
bonded layer 2 or the metal base material 1. ^ 

On the other hand, when the relative density D2 of the 
second ceramics layer 3b exceeds 88%, a low elastic modu- 
lus and low hardness may not be obtained, and a heat 
shielding property is deteriorated, possibly resulting in 
impairing the original properties of the ceramics heat shield 
layers 3. 

In other words, by forming the second ceramics layer 3b 
having a low relative density D2 of less than 88% on the first 
ceramics layer 3a, a suflBcient heat shielding effect can be ^5 
obtained. Besides, a film thickness required for heat shield- 
ing can be satisfied by the second ceramics layer 3b. The 
relative density D2 of the second ceramics layer 3b is desired 
to be 85% or below in view of a thermal shielding property 
and the like. But, when the relative density D2 of the second 
ceramics layer 3b is excessively low, its essential strength as 
the ceramics layer is deteriorated, so that it is preferable to 
have the relative density of 75% or more. 

The first ceramics layer 3a having a relative density of 
88% or more can be formed readily by a PVD method, a 35 
CVD method, or a spin coating method for example. 
Especially, among the PVD methods, it is desirable to adopt 
an EB-PVD method using electron beams. 

When stabilized zirconia is used to form the first ceramics 
layer 3a having a high density by the above-described 40 
method, it is desirable to form the ceramics layer whidi is 
oriented in the direction of either an axis a or c or both 
directions with respect to the metal bonded layer 2 or the 
metal base material 1. The high density zirconia layer having 
such orientation has good adhesion to the metal bonded 45 
layer 2 or the metal base material 1. Therefore, delamination 
at the interface of the ceramics heat shield layers 3 and the 
metal bonded layer 2 or the metal base material 1 is 
prevented, and it is effective to improve the thermal fatigue 
resistance of the ceramics heat shield layers 3. 50 

The term "orientation" means that when a difiEracted 
intensity I (h, k, 1) of stabilized zirconia is measured by 
X-ray diflfractometry, either 1,^(200) or IX0Q2) (subscripts 
t,c mean tetragonal phase and cubic phase, respectively) or 
a sum of them exceeds 1.0 time with respect to the greatest ss 
diffracted intensity excepting (200), (002) or their higher- 
order dif&acted surfaces. 

The first ceramics layer 3a having a relative density of 
88% or more can also be formed by a spray coating method. 
Powder to be used as a material for thermal spraying is 60 
preferably fine powder having a particle diameter in a range 
o& for example, 0.1 to 88 /an. The particle diameter of the 
material powder for the thermal graying is more preferably 
in a range of 1 to 60 /cm, and most preferably in a range of 
10 to 40 /<m. By a high-density thermal spraying method 65 
using such fine powder, the first ceramics layer 3a can be 
formed relatively easily. 



Especially, the fine material powder for the thermal spray- 
ing is preferably fused and crushed powder than agglomer- 
ated powder or agglomerated sintered powder. The fused 
and crushed powder provides the ceramics layer with a high 
elastic modulus, high hardness and high density. Besides, the 
thermal spraying method for forming the first ceramics layer 
3a having a high density is preferably thermal spraying in a 
vacuum atmosphere HVOF method rather than thermal 
spraying in the atmosphere. 

The second ceramics layer 3b having a relative density D2 
of less than 88% can be formed easily by the thermal 
spraying. As the thermal spraying to be adopted, a plasma 
spray coating method is most effective in view of practical 
use. And, powder used as the material for thermal spraying 
is preferably agglomerated powder having a particle diam- 
eter in a range of 10 to 150 for example. The powder for 
the thermal spra3dng is preferably has a particle diameter in 
a range of 44 to 125 /<m, and more preferably in a range of 
60 to 125 /mi. Specially, the agglomerated material powder 
for the thermal spraying is preferably agglomerated powder 
or agglomerated sintered powder than the fused and crushed 
powder. The agglomerated powder or agglomerated sintered 
powder provides the ceramics layer with a low elastic 
modulus, low hardness and low density. 

When the ceramics layers 3a, 35 have their surface with 
small roughness, an elastic modulus and hardness can be 
made higher. Therefore, it is desired that the surface rough- 
ness of the first ceramics layer 3a is made small. Conversely, 
the surface roughness of the second ceramics layer 3b is 
desired to be made large. At the time, the surface roughness 
of the first ceramics layer 3a and the surface roughness 
R2 of the second ceramics layer 3b are desired to satisfy at 
least Ri<R2. 

Especially, the surface roughness of the second ceramics 
layer 3b is desired that ten-point average roughness is 
expressed as R^^55 /im, a maximum height R„^ as 
Rfmw— /an, and center line average roughness R^ as 
R^^7.5 pcm. It is sufficient when at least one of such 
roughness is satisfied, but it is desired that all of them are 
satisfied. A ceramics layer having such surface roughness 
does not easily suffer from cracks by thermal cycling. 
Besides, since the propagation of cracks can be detoured, it 
is possible to further improve a thermal fatigue resistance. 
Surface roughness of the second ceramics layer 3b is further 
desired to be R2>58 /im, R,„^90 /mi, R^>8.0 /an. 

As described above, by configuring the ceramics layers 3 
by the first ceramics layer 3a having a high elastic modulus, 
high hardness and high density which is directly formed on 
the metal bonded layer 2 or the metal base material 1 and the 
second ceramics layer 3b having a low elastic modulus, low 
hardness and low density which is formed on the first 
ceramics layer 3a, it is possible to stably prevent the 
occurrence of delamination by fractures due to thermal 
fatigue and also the occurrence of firactures due to a thermal 
shock or the like. Accordingly, the heat resisting material 4 
in this embodiment can be used stably for a long time of 
period in a high-temperature atmosphere and in the working 
environment where thermal cycling and thermal shock are 
applied. This heat resisting member 4 is suitable as a 
component material for high-temperature devices such as 
gas turbines and engines. 

When the heat resisting member 4 having the ceramics 
heat shield layers 3, particularly the zirconia layer, is used in 
a high-temperature oxidizing atmosphere for a long period 
of time, it is hard to completely prevent the metal bonded 
layer beneath it from being oxidized. And, when an oxidized 
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layer is formed, close adhesion of the ceramics heat shield 
layers 3 is degraded, and delamination may occur 
(delamination inside the oxidized layer). 

In order to control the growth rate of the oxidized layer to 
be formed on the metal bonded layer 2 in the high- 
temperature oxidizing atmosphere, it is desirable to produce 
the first ceramics layer 3a in a low oxygen concentration 
atmosphere, or to heat-treat the produced first ceramics layer 
3a in a low oxygen concentration atmosphere. Such film- 
forming and heat-treating can form a dense aliunina layer 
between the first ceramics layer 3a and the metal bonded 
layer 2. The heat-treatment is effective for the ceramics layer 
having a high relative density, and particularly effective for 
the first ceramics layer 3a having a relative density of 88% 
or more and small open voids. 

By the above heat treatment, the dense aluxnina layer 5 is 
formed in advance between the metal bonded layer 2 and the 
first ceramics layer 3a as shown in FIG. 3. This dense 
alumina layer 5 prevents oxygen from dispersing from the 
first ceramics layer 3a to the metal bonded layer 2. In a case 
of directly forming the ceramics heat shield layers 3 on the 
metal base material 1, the same heat treatment is effective. 

By the heat treatment in a low oxygen concentration 
atmosphere, an amount of oxygen short in the first ceramics 
layer 3a, particularly the zirconia layer, increases, so that 
oxygen to be consumed for the oxidation of the metal 
bonded layer 2 is lowered. Thus, the growth rate of the 
oxidized layer can be controlled. 

And, the alumina layer 5 which is previously heat-treated 
in the low oxygen concentration atmosphere has a slow 
growth rate, so that it is very dense. Since this high-density 
alumina layer 5 prevents oxygen from dispersing, the 
growth rate of the oxidized layer can be further controlled. 
Thus, it is possible to prevent the first ceramics layer 3a firom 
peeling due to cracks within the oxidized layer on the metal 
bonded layer 2. 

As a specific heat-treating condition, the atmosphere 
oxygen concentration is preferably 0.2 atmospheric pressure 
or below in oxygen partial pressure. And, the treating 
temperature is preferably about 773 to 1473 K. The atmo- 
sphere oxygen concentration is desired to be low as much as 
possible, and particularly the treatment is desired to be made 
in a vacuum. Since the shortage of oxygen for the first 
ceramics layer 3a can be obtained in a short time when the 
heat treating temperature is higher, it is desired to determine 
the heat treating temperature taking the high-temperature 
resistances of the metal base material 1 and the metal bonded 
layer 2 into account. On the other hand, since the alumina 
layer 5 cannot be formed satisfactorily at a low temperatiu-e 
and the effect of preventing the growth of the oxidized layer 
is insufficient, the heat treating temperature is preferably 773 
K or higher. 

The heat treatment is basically performed after forming 
the first ceramics layer 3a, but it may be performed after 
forming the second ceramics layer 3b, And, almost the same 
effect can be obtained when the first ceramics layer 3a is 
formed in a low oxygen concentration atmosphere. 

Now, the heat resisting material according to another 
embodiment of the invention will be described with refer- 
ence to FIG. 4. A heat resisting member 6 shown in FIG. 4 
has also a third ceramics layer 3c, which has the same high 
elastic modulus, high hardness and high density as the first 
ceramics layer 3fl, formed on the second ceramics layer 3b 
in the above-described embodiment. The ceramics heat 
shield layers 3 comprise the three ceramics layers 3a, 3b and 
3c. Other structure is the same as in the above-described 
embodiment. 
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As to the conditions of the third ceramics layer 3c, an 
elastic modulus E3 satisfies E3<£2. Hardness satisfies 
H3<H2. A relative density D3 satisfies D3<D2. Their specific 
conditions are preferably determined to be the same as those 
for the above-described first ceramics layer 3a. 

In the working environment where gas turbines or aircraft 
engines having the heat resisting member according to the 
present invention are used, there is a problem that fine dust 
and coarse particles strike to damage the ceramics heat 
shield layers 3. To prevent the problem, the third ceramics 
layer 3c having a high elastic modulus, high hardness and 
high density is formed on the outermost surface of the 
ceramics heat shield layers 3. Thus, the ceramics heat shield 
layers 3 can be prevented from being damaged or abraded by 
such flying substances. 

When the ceramics heat shield layers 3 are fully made of 
high-density ceramics layers, surface damages will sharply 
propagate cracks and fractures into the interior to accelerate 
local oxidation, possibly resulting in delamination of the 
ceramics heat shield layers 3. On the other hand, in the 
ceramics heat shield layers 3 which sequentially comprise 
the first ceramics layer 3a having the high elastic modulus, 
high hardness and high density, the second ceramics layer 3b 
having the low elastic modulus, low hardness and low 
density, and the third ceramics layer 3c having the high 
elastic modulus, high hardness and high density, the sharp 
propagation of cracks or a thermal stress is relieved by the 
second ceramics layer 3b, so that the ceramics heat shield 
layers 3 can be effectively prevented firom being delami- 
nated. 

The third ceramics layer 3c can be formed by the PVD 
method, the CVD method, the spin coating method, or the 
high-density thermal spraying method using fine-grain pow- 
der in the same way as the first ceramics layer 3a. Among 
the thermal spray methods, a low-vacuum thermal spray 
method, an HVOF method and a JP (jet plasma) method are 
preferably used except atmospheric plasma spray method. 

In addition to such thermal spraying methods, after an 
atmosphere thermal sprajdng or the above-described thermal 
spraying, a method may be used to perform a laser treatment 
to modify the surface only to a ceramics layer having high 
hardness. By such a modifying method, a ceramics layer 
having much higher hardness can be obtained. 

The above third ceramics layer 3c preferably has a thick- 
ness of 100 /an or below though variable depending on the 
thickness of the first ceramics layer 3a. Especially, when the 
first ceramics layer 3a is particularly thick, the third ceram- 
ics layer 3c is desired to be thin in order to prevent the 
increase of a thermal stress effecting on the third ceramics 
layer 3c. Conversely, to enhance the effect of controlling the 
damage due to the flying substances, it is preferable to 
decrease the thickness of the first ceramics layer 3a. 

A total of the thicknesses of the first ceramics layer 3a and 
the third ceramics layer 3c is desired not to exceed 300 /on 
though variable depending on their elastic modulus and 
hardness. Furthermore, it is desirable that a total of the 
thicknesses of the first and third ceramics layers 3a, 3c is 
about 200 fim. 

The above-described respective embodiments have been 
described with the ceramics heat shield layers formed of a 
two-layered structure or three-layered structure. But, the 
ceramics heat shield layers can also be formed of four or 
more ceramics layers. For example, the first ceramics layer 
and the second ceramics layer each can be formed of a 
plurality of layers, respectively. The third ceramics layer can 
also be formed in the same way. 
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Now, description will be made of specific examples and 
evaluated results of the above-described embodiments. 

EXAMPLE 1 

An Ni-based super alloy was used as the metal base 
material. On the Ni-based super alloy base material heated 
up to 1273 K, a stabilized zirconia layer (8 wt % Y^Og — 
ZrOs) was fonned to a thidmess of 30 fan by a spin coating 
method. The stabilized zirconia layer formed by the spin 
coating method is a first ceramics layer. 

The first stabilized zirconia layer had a relative density of 
90%. And, a stabilized zirconia layer produced under the 
same condition was measured for its elastic modulus and 
\^ckers hardness as follows. The elastic modulus was mea- 
sured by a strain gauge and an instron type testing machine, 
using a 50 mmx40 mmxO.3 m size of test piece prepared by 
coating a zirconia layer having 300 /mi of thickness onto a 
stainless board having roughness of Ra<2.0/«m. The Vickers 
hardness (Hv) was measured in the cross section of the 20 
coating by holding a load of 200 gf for 30 seconds. It was 
found that the elastic modulus was 50 GPa, and the Vickers 
hardness was 700 Hv. 

Then, on the first stabilized zirconia layer, another stabi- 
lized zirconia layer having the same composition was 25 
formed to a thickness of 100 /mi or below by a plasma spray 
coating. This stabilized zirconia layer formed by the plasma 
spray coating was measured for its surface roughness, and 
still another stabilized zirconia layer having the same com- 
position was formed on it by the plasma spray coating so that 30 
a total thickness became 300 /on. Thus, the stabilized 
zirconia layer finally formed by die plasma spray coating is 
a second ceramics layer. 

The second stabilized zirconia layer fonned by the plasma 
spray coating had a relative density of 85%. And, a single- 35 
layered stabilized zirconia layer was formed by the plasma 
spray coating under the same condition. Its elastic modulus 
and Vickers hardness were measured by the same method as 
described above. It was found that the elastic modulus was 
38 GPa, and the Vickers hardness was 480 Hv. 40 

Thus, the heat resisting member having a two-layered 
stabilized zirconia heat shield layer was produced. The 
outermost surface of the second stabilized zirconia layer had 
surface roughness Rz=S5 /4m, R,^^80 /on, and R^^7,5 
fan. 
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Comparative Examples 1, 2 

Under the same condition as in Example 1, a stabilized 
zirconia layer having the same thickness as in Example 1 50 
was formed on an Ni-based super alloy base material by a 
spin coating method only (Comparative Example 1). 
Similarly, a stabilized zirconia layer having the same thick- 
ness was formed by the plasma spray coating only 
(Comparative Example 2). These stabilized zirconia layers 55 
according to the Comparative Examples 1, 2 have the same 
relative density, elastic modulus and Vickers hardness as in 
Example 1. 

Test samples taken from the heat resisting members of 
Example 1 and Comparative Examples 1, 2 were subjected 60 
to a thermal fatigue test with one cycle consisting of one 
hour at 1373 K and one hour at 298 K. And, the number of 
heat cycles until the stabilized zirconia heat shield layer was 
delaminated was measured. As a result, the heat resisting 
member produced by Example 1 withstood the thermal 65 
cycles exceeding the number of 1000 times. No delamina- 
tion was observed. On the other hand, the test samples taken 



from Comparative Examples 1, 2 had cracks by the thermal 
cycles of dozens of times. And, the sample taken firom 
Comparative Example 1 had delamination by 150 cycles, 
and the sample from Comparative Example 2 had delami- 
nation by 100 cycles. 

In the heat resisting member according to Example 1, 
when the second stabilized zirconia layer had the surface 
roughness R^<55 fan, R,^<80 /mi, and Ro<7.5 /an, the 
niunber of thermal cycles that the heat resisting member 
could withstand was lowered. 

EXAMPLE 2 

An Ni — Co — Cr — Al — Y layer having a thickness of 150 
fan was formed on an Ni-based super alloy base material by 
a plasma spray coating. On this metal bonded layer, a first 
stabilized zirconia layer having a thickness of 1 fan was 
formed by an EB-PVD method. The stabilized zirconia was 
composed of 4 to 20 wt% of Y2O3 — ZrOj. A plurahty of 
members were produced with the Y2O3 concentration varied 
within the above range. Such first stabilized zirconia layers 
had a relative density of 90% or more. And, in the same way 
as in Example 1, the respective stabilized zirconia layers 
formed by the EB-PVD method were measured for their 
elastic modulus and Vickers hardness. It was found that the 
elastic modulus was 48 to 55 GPa, and the Vickers hardness 
was 650 to 700 Hv. 

Then, the respective stabilized zirconia layers were heat- 
treated at 1273 K for 20 hours in a low oxygen concentration 
atmosphere with 0.2 atmospheric pressure in oxygen partial 
pressure. At this stage> it was checked by SEM observation 
that a dense alumina layer was formed between the 
Ni — Co— Cr — Al — layer and the first stabilized zirconia 
layer. And, it was also checked that the first stabilized 
zirconia layer was oriented in an axis a or axis c. 

Then, as the second ceramics layer, the stabilized zirconia 
layer with the same composition was formed to a thickness 
of 200 fan on the respective first stabilized zirconia layers by 
the plasma spray coating. Thus, a plurality of heat resisting 
members having the stabilized zirconia heat shield layer 
were produced. The second stabilized zirconia layers formed 
by the plasma spray coating had a relative density of 82%. 
And, in the same way as in Example 1, the respective 
stabilized zirconia layers formed by the plasma spray coat- 
ing were measured for their elastic modulus and Vickers 
hardness. It was found that the elastic moduliis was 28 to 40 
GPa, and the \^ckers hardness was 400 to 580 Hv. 

Test samples taken from the respective heat resisting 
members produced as described above were held in the 
atmosphere at 1273 K for 10000 hours, then subjected to a 
thermal fatigue test with one cycle consisting of one hour at 
1223 K and one hour at 298 K. And, the number of thermal 
cycles until the stabilized zirconia heat shield layer was 
delaminated was measured. After testing, the condition in 
the neighborhood of the interface between the Ni — Co — 
r — ^Al — ^Y layer and the first stabilized zirconia layer was 
examined by SEM observation. 

It was found that the Ni — Co — Cr — ^Al — Y layer was 
prevented firom being oxidized exceeding the original level 
regardless of the Y203 composition. And, delamiination was 
not observed even after the thermal cycles exceeding 1000 
times. Among the heat resisting members according to 
Example 2, the number of thermal cycles that they could 
withstand was lowered when the first stabilized zirconia 
layer had orientation of (111) or (311). 

EXAMPLES 

. An Ni — Co — Cr — Al — ^Y layer having a thickness of 150 
fan was formed on an Ni-based super alloy base material by 
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an atmosphere spray coating. On this metal bonded layer, a 
first stabilized zircoma layer having a thickness of 150 f4m 
was formed by the atmospheric plasma spray coating 
method using fused and crushed powder (particle diameter 
range: 10 to 40 am) consisting of 8 wt % of Y2O3 — ZrO^ as 5 
a material for spray coating. This first stabilized zirconia 
layer had a relative density of 89%. In the same way as in 
Example 1, the stabilized zirconia layer formed by the 
atmospheric plasma spray coating using the fused and 
crushed powder was measured for its elastic modulus and 10 
\^ckers hardness. It was found that the elastic modulus was 
60 GPa, and the \^ckers hardness was 700 Hv. 

Then, on the first stabilized zirconia layer, a second 
stabilized zirconia layer was formed to a thickness of 100 
^an by the atmospheric plasma spray coating method using 
agglomerated sintered powder (particle diameter range: 10 
to 88/fln) having the same composition as the first stabilized 
zirconia layer was formed. The second stabilized zirconia 
layer had a relative density of 80%. In the same way as in 
Example 1, the stabilized zirconia layer formed by the 20 
atmospheric plasma spray coating method using the agglom- 
erated sintered powder was measured for its elastic modulus 
and Vickers hardness. It was found that the elastic modulus 
was 35 GPa, and the Mckecs hardness was 550 Hv. The 
second stabilized zirconia layer had the surface roughness 25 
R^^58 /mi, R^^88 /an, and R„^83 /an. 

Comparative Example 3 

On an Ni*based super alloy base material which had an 
Ni — Co — Cr — Al — layer having a thickness of 150 
formed thereon, a stabilized zirconia layer having a thick- 
ness of 150 /mi was formed by an atmospheric plasma spray 
coating method using agglomerated sintered powder 
(particle diameter range: 10 to 88 /im) consisting of 8 wt % ^5 
of Y2O3 — ZrOi as a material for spray coating. This stabi- 
lized zirconia layer had a relative density of 88%. And, in the 
same way as in Example 1, the stabilized zirconia layer 
formed by the atmospheric plasma spray coating method 
using the agglomerated sintered power was measured for its ^ 
elastic modulus and Vickers hardness. It was found that the 
elastic modulus was 32 GPa, and the X^ckers hardness was 
480 Hv. 

Then, on the above stabilized zirconia layer, a stabilized 
zirconia layer was formed to a thickness of 100 /an by the 45 
atmospheric plasma spray coating using as a material for 
spray coating fused and crushed powder (particle diameter 
range: 10 to 40 /on) having the same composition as the 
former stabilized zirconia layer. This stabilized zirconia 
layer had a relative density of 90%. And, in the same way as 50 
in Example 1, the stabilized zirconia layer formed by the 
atmospheric plasma spray coating method using the fused 
and crushed power was measured for its elastic modulus and 
Vickers hardness. It was found that the elastic modulus was 
55 GPa, and the Vickers hardness was 700 Hv. The stabilized 55 
zirconia layer formed by the atmospheric plasma spray 
coating method using the fused and crushed powder had the 
surface roughness R,<50/an, R^^70/an, and R^<6.8/aD. 

Comparative Example 4 

On an Ni-based super alloy base material which had an 
NiCo— Cr — Al — Y layer having a thickness of 150 jum 
formed thereon, a stabilized zirconia layer having a thick- 
ness of 250 /on alone was formed by an atmospheric plasma 
spray coating method using agglomerated sintered powder 65 
(particle diameter range: 10 to 88 fan) consisting of 8 wt % 
of YsOa — as a material for spray coating. This stabi- 



lized zirconia layer had a relative density of 79%. And, in the 
same way as in Example 1, the stabilized zirconia layer 
formed by the atmospheric plasma spray coating method 
using the agglomerated sintered power was measured for its 
elastic modulus and Vickers hardness. It was found that the 
elastic modulus was 42 GPa, and the Vickers hardness was 
470 Hv. This stabilized zirconia layer had the surface 
roughness R^^dl /on, R„^^90 /on, and R^^73 /on. 

Comparative Example 5 

On an Ni-based super alloy base material which had an 
NiCo — Cr — Al — Y layer having a thickness of 150 /on 
formed thereon, a stabilized 2drconia layer having a thick- 
ness of 250 jLon alone was formed by an atmospheric plasma 
spray coating method using fused and crushed powder 
(particle diameter range: 10 to 40 fim) consisting of 8 wt% 
of Y2O3 — ^Zr02 as a material for spray coating. This stabi- 
lized zirconia layer had a relative density of 92%. And, in the 
same way as in Example 1, the stabilized zirconia layer 
formed by the atmospheric plasma spray coating method 
using the fused and crushed power was measured for its 
elastic modulus and Vickers hardness. It was found that the 
elastic modulus was 70 GPa, and the \^ckers hardness was 
750 Hv. This stabilized zirconia layer had the surface 
roughness R^<53 /an, R„^^60 /on, and R^^6.2 /an. 

Test samples taken from the respective heat resisting 
members produced by Example 3 and Comparative 
Examples 3, 4 and 5 were subjected to a thermal fatigue test 
with one cycle consisting of one hour at 1273 K and one 
hour at 298 K. And, the number of thermal cycles until the 
stabilized zirconia heat shield layer was delaminated was 
measured. As a result, the heat resisting member according 
to Example 3 withstood the thermal cycles exceeding 7000 
times, and no delamination was observed. On the other hand, 
delamination occurred when the sample taken firom Com- 
parative Example 3 was tested for 400 cycles, the sample 
firom Comparative Example 4 tested for 5000 cycles, and the 
sample from Comparative Example 5 tested for 20 cycles. 

EXAMPLE 4 

An Ni — Co — Cr — Al — layer having a thickness of 150 
/on was formed on an Ni-based super alloy base material by 
an atmospheric plasma spray coating. On this metal bonded 
layer, a magnesia layer having a thickness of 50 /an was 
formed as a first ceramics layer by an atmospheric plasma 
spray coating method using fiised and crushed MgO powder 
(particle diameter range: 10 to 40 /an). This magnesia layer 
had a relative density of 92%. In the same way as in 
Example 1, the magnesia layer was measured for its elastic 
modulus and Mckers hardness. It was found that the elastic 
modulus was 72 GPa, and the \^ckers hardness was 730 Hv. 

Then, on the magnesia layer, a stabilized zirconia layer 
was formed to a thickness of 100 /4m by the atmospheric 
plasma spray coating method using fused and crushed 
powder (particle diameter range: 10 to 40 /on) consisting of 
8 wt % of Y203 — ZrO^. Then, a stabilized zirconia layer was 
formed to a thickness of 100 /um by the atmospheric plasma 
spray coating method using agglomerated sintered powder 
(particle diameter range: 10 to 88 /an) having the same 
composition as above. 

The respective layers of the above -described stabilized 
zirconia layer obtained from fused and crushed powder and 
the stabilized zirconia layer obtained firom agglomerated 
sintered powder had a relative density of 91% and 82%, 
respectively. And, in the same way as in Example 1, the 
respective layers of the above two-layered stabilized zirco- 



5,955,182 



17 



18 



30 



nia layer were measured for their elastic moduli and Vickers 
hardness. It was found that the their elastic moduli were 46 
GPa, 39 GPa, and Vickers hardness were 690 Hv, 540 Hy, 
respectively. The outermost surface of the stabUized zirconia 
layer had surface roughness R^^63 /4R^^95 /«n, and 5 
R^^8.3 /im. 

EXAMPLE 5 

An Ni — Co — Cr — Al — layer having a thickness of 150 
fan was formed on an Ni-based super alloy base material by 
an atmospheric plasma spray coating. On this metal bonded 
layer, a magnesia layer having a thickness of 100 /im was 
formed as a first ceramics layer by an atmospheric plasma 
spray coating method using fijsed and crushed MgO powder 
(particle diameter range: 10 to 40 /mi). This magnesia layer 
had a relative density of 85%. In the same way as in 
Example 1, the magnesia layer was measured for its elastic 
modulus and Mckeis hardness. It was found that the elastic 
modulus was 75 GPa. and the "X^ckers hardness was 740 Hv. 

2.0 

Then, on the magnesia layer, a stabilized zirconia layer 
was formed to a thickness of 150 /im by the atmospheric 
plasma spray coating method using agglomerated powder 
(particle diameter range: 10 to 88 /on) consisting of 8 wt % 
of Y2O3 — ZrO^' This stabilized zirconia layer had a relative 
density of 79%. In the same way as in Example 1, the 
stabilized zirconia layer was measured for its elastic modu- 
lus and \^ckers hardness. It was foimd that the elastic 
modulus was 28 GPa, and the Vickers hardness was 450 Hv. 
The stabilized zirconia layer had surface roughness R^^62 
/an, R„^^93 /im, and R^^S.O /«n. 

EXAMPLE 6 

An Ni — Co — Cr — Al — Y layer having a thickness of 150 
/mi was formed on an Ni-based super alloy base material by 
an atmospheric plasma spray coating. On this metal bonded 
layer, an AI2O3 — ^TiOj layer having a thickness of 100 /«n 
was formed as a first ceramics layer by an atmospheric 
plasma spray coating method using fused and crushed 
powder (particle diameter range: 10 to 40 /mi) of AI2O3 — ^ 
10% TiOa. This AlaOg — TiOz layer had a relative density of 
82%. In the same way as in Example 1, the AI2O3 — ^IlOa 
layer was measured for its elastic modulus and Vickers 
hardness. It was foimd that the elastic modulus was 60 GPa, 
and the Vickers hardness was 680 Hv. 

Hien, on the AI2O3 — JiOz layer, a stabilized zirconia 
layer was formed to a thickness of 50/4m by the atmospheric 
plasma spray coating method using fused and crushed 
powder (particle diameter range: 10 to 40 /«n) consisting of 
8 wt % of Y2O3 — ^Zr02. In addition, another stabilized 50 
zirconia layer was formed to a thickness of 100 jum by the 
atmospheric plasma spray coating method using agglomer- 
ated sintered powder (particle diameter rangp: 10 to 88 /mi) 
having the same composition as above. 

The respective layers of the above two-layered stabilized S5 
zirconia layer had a relative density of 91% and 86%, 
respectively. And, in the same way as in Example 1, the 
respective layers of the above two-layered stabilized zirco- 
nia layer were measured for their elastic moduli and Vickers 
hardness. It was found that their elastic moduli were 43 GPa, 60 
35 GPa, and Mckers hardness were 680 Hv, 500 Hv, 
respectively. The outmost surface of the stabilized zirconia 
layer had surface roughness R^^oO /im, R„^^S5 /iiB, and 
R^^7.9 m. 

Test samples taken from the respective heat resisting 65 
members produced by Examples 4, 5, and 6 were subjected 
to a thermal fatigue test with one cycle consisting of one 



hour at 1273 K and one hour at 298 K. And, the number of 
thermal cycles imtQ the ceramics heat shield layer was 
delaminated was measured. As a result, the heat resisting 
members according to Examples 4, 5 and 6 withstood the 
thermal cycles exceeding 7000 times, and no delamination 
was observed. 

As Reference 1, a heat resisting member having the same 
structure as the one produced in Example 5 was produced by 
following the procedure of Example 5 excepting that the 
magnesia layer had a thickness of 210 /on. And, as Refer- 
ence 2, a heat resisting member having the same structure as 
the one produced in Example 6 was produced by following 
the procedure of Example 6 excepting that the AlsOa — TiO^ 
layer had a thickness of 220 fan. 

The heat resisting members according to References 1, 2 
were subjected to the thermal fatigue test in the same way. 
Delamination occurred when the sample from Reference 1 
was tested for 300 cycles, and the sample from Reference 2 
tested for 100 cycles. Thus, when the first ceramics layer 
having the high elastic modulus and high hardness is exces- 
sively thick, fractures may be formed within it readily, and 
a sufficient thermal fatigue property may not be obtained. 

EXAMPLE 7 

An Ni — Co — Cr — ^Al — layer having a thickness of 150 
/mi was formed on an Ni-based super alloy base material by 
an atmospheric plasma spray coating. On this metal bonded 
layer, a first stabilized zirconia layer (8 wt % Y2O3 — ZrOj) 
having a thickness of 20 /mi was formed by an EB-PVD 
method with the base material heated to 773 to 1153 K. This 
first stabilized zirconia layer had a relative density of 93%. 
And, in the same way as in Example 1, the first stabilized 
zirconia layer formed by the EB-PVD method was measured 
for its elastic modulus and \^ckers hardness. It was found 
that the elastic modulus was 55 GPa, and the Vickers 
hardness was 680 Hv. 

Then, on the first stabilized zirconia layer, a stabilized 
zirconia layer having the same composition as the first 
stabilized zirconia layer was formed as a second stabilized 
zirconia layer to a thickness of 100 /an by a plasma spray 
coating. The second stabilized zirconia layer formed by the 
plasma spray coating had a relative density of 85%. And, in 
the same way as in Exainple 1, the second stabilized zirconia 
layer formed by the plasma ^ray coating was measured for 
its elastic modulus and >^ckers hardness. It was found that 
the elastic modulus was 40 GPa, and the \^ckers hardness 
was 580 Hv. 

After mirror polishing of the surface of the second stabi- 
lized zirconia layer, a stabilized zirconia layer having the 
same composition was formed as a third stabilized zirconia 
layer to a thickness of 100 /an by the EB-PVD method. The 
third stabilized zirconia layer formed by the EB-PVD 
method had a relative density of 90%. And, in the same way 
as in Example 1, the third stabilized zirconia layer formed by 
the EB-PVD method was measured for its elastic modulus 
and Vickers hardness. It was found that the elastic modulus 
was 50 GPa, and the Vickers hardness was 670 Hv. 

Comparative Example 6 and Reference 3 

As Comparative Example 6, on an Ni-based super alloy 
base material having an Ni — Co — Cr — ^Al — Y layer formed 
to a thickness of 150 /an, a stabilized zirconia layer having 
a thickness of 100 fan was formed by the atmospheric 
plasma spray coating. And, as Reference 3, on an Ni-based 
sitper alloy base material having an Ni — Co— Cr — Al — 
layer formed to a thickness of 150 /mi, a stabilized zirconia 



5,955,182 



19 



20 



10 



15 



20 



layer having a thickness of 20 pan was formed by the 
EB-PVD method, then another stabilized zirconia layer 
having a thickness of 200 /an was formed by the atmo- 
spheric plasma spray coating. 

Samples taken from the respective heat resisting members 
of Example 7, Comparative Example 6 and Reference 3 
were subjected to the thermal fatigue test with one cycle 
consisting of one hour at 1373 K and one hour at 298 K 
under a condition that mixed powder of SiC, Si02 and AI2O3 
was flown at 25 g/min. It was found that the heat resisting 
member from Example 7 withstood the thermal cycles 
exceeding 500 times, and suffered from no damage on the 
surface or delamination. On the other hand, the heat resisting 
member of Comparative Example 6 had delamination by the 
thermal cycles of 100 times due to the occurrence of cracks 
resulting from the surface damage. And, the heat resisting 
member from Reference 3 had a delaminating damage by 
the thermal cycles of 30 times and had most of its zirconia 
layer damaged when the thermal cycles exceeded 150 times. 

EXAMPLE 8 

An Ni — Co — Cr — ^Al — layer having a thickness of 150 
jum was formed on an Ni-based super alloy base material by 
an atmospheric plasma spray coating. On this metal bonded 
layer, a first stabilized zirconia layer having a thickness of 25 
100 /an was formed by the atmospheric plasma spray 
coating method using fused and crushed powder (particle 
diameter range: 10 to 40 /an) consisting of 8 wt % of 
Y2O3 — ZsOz' This first stabilized zirconia layer had a rela- 
tive density of 93%. And, in the same way as in Example 1, 
the first stabilized zirconia layer formed by the atmospheric 
plasma spray coating method was measured for its elastic 
modulus and Vickers hardness. It was found that the elastic 
modulus was 50 GPa, and the \^ckers hardness was 680 Hv. 

Then, on the first stabilized zirconia layer, a second 
stabilized zirconia layer was formed to a thickness of 100 
/im by the atmospheric plasma spray coating method using 
agglomerated sintered powder (particle diameter range: 10 
to 88 /im) having the same composition as above. Then, a 
third stabilized zirconia layer was formed to a thickness of 40 
50 /on by the atmospheric plasma spray coating method 
using fused and crushed powder (particle diameter range: 10 
to 40 /xm) having the same composition. 

The second stabilized zirconia layer had a relative density 
of 87%, and the third stabilized zirconia layer had a relative 
density of 90%. Their elastic moduli and Vickers hardness 
were measured in the same way as in Example 1. Their 
elastic moduli were 40 GPa, 49 GPa, and Vickers hardness 
were 550 HV, 700 Hv, respectively. The third stabilized 
zirconia layer had surface roughness R^^54 /on, R,„^<75 
/an, and Ra<6.4 /an. 

EXAMPLE 9 

A heat resisting member was produced by following the 
procedure of Example 8 except that the third stabilized 
zirconia layer was changed to have a thickness of 100 /on. 
References 4, 5 

A heat resisting member (Reference 4) was produced by 
following the procedure of Example 8 except that the third 
stabilized zirconia layer was changed to have a thickness of 
200 /im. And, a heat resisting member (Reference 5) was 
produced by following the procedure of Example 8 except 
that the second stabilized zirconia layer v/as changed to have 
a thickness of 150 /on and the third stabilized zirconia layer 
was not formed. 

Samples taken from the respective heat resisting members 
of Examples 8, 9 and References 4, 5 were subjected to the 
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thermal fatigue test with one cycle consisting of one hour at 
1273 K and one hour at 298 K while blowing SiC powder 
having a particle diameter of about 30 /<m at 2 g/L (mixed 
with air). It was found that the heat resisting members from 
Examples 8, 9 had no damage to their ceramics heat shield 
layer, and there was no delamination observed even after the 
thermal cycles of exceeding 7000 times. 

On the other hand, the heat resisting member of Reference 
4 had no damage to its ceramics heat shield layer but 
delamination occurred by the thermal cycle of 300 times. 
The heat resisting member of Reference 5 did not delami- 
nate even after the thermal cycles of exceeding 7000 times 
as is the case of Examples 8, 9. But, its ceramics heat ^ield 
layer had the surface heavily damaged, and it was found by 
the SEM observation of the cross section after testing that 
the film thickness was decreased by about 100 /on. 

It is apparent from the above-described Examples that the 
present invention can provide a heat resisting member of 
which heat fatigue resistance and thermal shock resistance 
are improved. Besides, the layer below the ceramics heat 
shield layer can be prevented from being oxidized upon 
obtaining a good heat shielding effect. And, it is also 
possible to improve the abrasion resistance and the resis- 
tance to a damage by the collision of flying substances. 
Thxis, it is possible to provide the heat resisting member 
which can be used for a long time of period under working 
environments where a temperature is high, and thermal 
cycling and thermal shocks are applied. 

What is claimed is: 

1. A heat resisting member, comprising: 
a metal base material; 

ceramics heat shield layers formed on said metal base 
material, said ceramics heat shield layers including a 
first ceramics layer formed on said metal base material 
and having a film thickness of 0.1 to 200 /on, a high 
elastic modulus Ej of 45 GPa or more, and a high 
hardness H^, and a second ceramics layer formed on 
said first ceramics layer and having a film thickness of 
50 to 3,000 /m, a low elastic modidus E^ of less than 
45 GPa and a low hardness H^, wherein H2<Hi. 

2. The heat resisting member according to claim 1, 
wherein a total film thickness of said first ceramics layer and 
said second ceramics layer is 100 to 3000 /an. 

3. The heat resisting member according to claim 1, 
wherein said first ceramics layer has a relative density Dj, 
and said second ceramics layer has a relative den^ty D2 
satisfying D2<Di. 

4. The heat resisting member according to claim 1, 
wherein said ceramics heat shield layers comprise at least 
one member selected from the group consisting of zirconia, 
alumina, alumina-titania mixed oxide, magnesia, spinel, 
silicon nitride, sialon, aluminum nitride, titanium nitride, 
and silicon carbide. 

5. The heat resisting member according to claim 1, 
wherein said first ceramics layer is at least one member 
selected from the group consisting of alumina, alumina- 
titania mixed oxide, magnesia, and spinel, and said second 
ceramics layer consists of stabilized zirconia. 

6. The heat resisting member according to claim 1, 
wherein said first ceramics layer and said second ceramics 
layer are formed of stabilized zirconia. 

7. The heat resisting member according to claim 1, 
wherein said first ceramics layer has surface roughness R,, 
and said second ceramics layer has surface roughness R2 
satisfying R2>Ri. 

8. The heat resisting member according to claim 7, 
wherein said second ceramics layer has surface roughness 
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which satisfies at least one of a ten-point average 
roughness R,=55 fim, a maximum height R,^^80/4m, and 
a center line average surface R^^7.5 /on. 

9. The heat resisting member according to claim 1, further 
comprising a third ceramics layer which is formed on said 
second ceramics layer and has a high elastic modulus E3 
satisfying £3 and a high hardness H3 satisfying H3>H2. 

10. A heat resisting member, comprising: 
a metal base material; 

a metal bonded layer formed on said metal base material; 
and 

ceramics heat shield layers formed on said metal base 
material with said metal bonded layer therebetween, 
said ceramics heat shield layers including a &-st ceram- 
ics layer formed on said metal bonded layer and having 
a film thicjkness of 0.1 to 200 fan, a high elastic 
modulus of 45 GPa or more, and a high hardness H^, 
and a second ceramics layer formed on said first 
ceramics layer and having a film thickness of 50 to 
3,000 /an, a low elastic modulus of less than 45 GPa 
and a low hardness H^, wherein H2<H;i. 

11. The heat resisting member according to claim 10, 
wherein said first ceramics layer is a ceramics layer formed 
by one method selected fi-om the group consisting of a PVD 
method, a CVD method, and a spin coating method, and said 
second ceramics layer is a ceramics layer formed by a spray 
coating method. 
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12. The heat resisting member according to claim 10, 
wherein said first ceramics layer is a ceramics layer formed 
by a high-density spray coating method using fine particle 
powder, and said second ceramics layer is a ceramics layer 

^ formed by a low-density spray coating method using coarse 
powder. 

13. The heat resisting member according to claim 10, 
wherein said metal bonded layer consists essentially of an 
M — Cr — Al — Y alloy, wherein M is at least one element 

10 selected from the group consisting of Fe, Ni and Co, and an 
alumina layer is formed in the interface between said first 
ceramics layer and said metal bonded layer. 

14. A heat resisting member, comprising: 
a metal base material; and 

15 

ceramics heat shield layers formed on said metal base 
material, said ceramics heat shield layer including a 
first ceramics layer formed on said metal base material 
and having a film thickness of 0.1 to 200 fim, a high 
elastic modulus of 45 GPa or more, a high hardness 
of Hi, and a relative density of 88% or more, and a 
second ceramics layer formed on said first ceramics 
layer and having a film thickness of 50 to 3,000 /m, a 
low elastic modulus E^ of less than 45 GPa, a low 
2^ hardness H2, and a relative density of less than 88%, 
wherein H2<Hi. 



